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Adeno-Associated Virus - 
Its Diagnostic Use with Early Abortion 
The present invention relates to a method of detecting a causative agent o, 
the so-calied spontaneous early abortion by investigating patients' sampies 
for the presence of adeno-associated virus DNA (AAV DMA), or AAV antigen 
or antibodies, preferably of the ,g M type, directed to AAV. Furthermore, the 
present invention relates to antibodies suitable for said method. 

The adeno-associated viruses (AAV) which are human parvoviruses that 
depend on coinfecting helper viruses for their replication, are though, to be 
non-pathogenic (Siegl. G. et al. (1985), Intervirology. 23. pp. 61-73; Berns 
K.I. et a,. ,1987,. Adv. Virus Res.. 32. Pp . 243-306, but rather to exhibit, 
tumorsuppressive properties (Rommelaare e, ai. „99„. j. V i,ol. Methods 
33. pp. 233-251). The virus may persist in infected Individuals, possibly by 
integration of its DNA into specific chromosomal sites o, the host cel, 
genome as seen in cel, culture. Recent studies of our laboratories have de- 
monstrated tha, AAV is able to induce differentiation in a variety of cells of 
human and mouse origin (Kiein-Bauernschmit, e, al. (1 992). J. viro,., 66, pp 
4191-4200, including embryonic stem cells, in the course of looking for 
putative targets of AAV Infection, we analysed materia, from spontaneous 
abortion for the presence of AAV DNA using for example the polymerase 
cha,n reaction ,PCRI. the Southern blotting technique and the in situ hybridi- 
zation technique. Additionally, we analysed serum samples from women with 
miscarriage and from other diseased or heafthy women for the presence of 
antibodies to AAV using seroiogica. standard techniques such as enzyme 
linked immunosorbent assay (ELISA), fluorescenceimmuno assay (FIA) radio- 
immuno assay (RIA, or immunofluorescence assay ((FA). 

Surprisingly, we found a significant correlation of both detectable AAV DNA 
m samples of abortion material and detectable IgM antibodies directed to 
AAV with the early abortion occurring during the first trimester of pregnancy 
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Disclosure nf tho invention 



Accordingly, the present invention relates to a method of detecting the 
causat.ve agent of spontaneous abortion comprising the steps of 



a) 



b) 



hybridizing a probe for an AAV polynucleotide to nucleic acids 
of a sample of abortion material under conditions which allow 
the formation of a heteroduplex between an AAV nucleic acid 
and the probe, and 

detecting a polynucleotide duplex which contains the probe. 

in a preferred embodiment of the present invention the method as mentioned 
above is a polymerase chain reaction (PGR,, Southern blotting or in situ hybr- 
idization technique. 

In another preferred embodiment of the present invention a hybridization 
technique is applied as described above, wherein one or more nucleic acid 
probes are used which are selected from the group consisting of the primers 
panl. pan3, nestl and nest2. In Figure 1 a schematic drawing of these 
Primers, relative to the genome of the AAV type 2 (AAV-2, and the 
nucleotide sequences of the primers is presented. 

The present invention further relates to a method of detecting the causative 
agent of spontaneous abortion comprising the steps of 

a) incubating a probe antibody directed to an AAV antigen with a 
sample of abortion material under conditions which allow the 
formation of an antigen-antibody complex, and 



b) detecting the antigen-antibody complex containing the 
antibody. 
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in step (a, one or more probe antibodies can be used. These antibodies can 

t Z7 " AW ^ 8 Sin9 ' e Pr ° tein ~ <>~<V 

VP1 . VP2 or VP3. Examp.es of these antibodies are the fo„owin 9 monocio 

A1; deposited at DSM under DSM ACC2195 on Oct. 13, 1994 
A69; deposited at DSM under DSM ACC2196 on Oct. 13,' 1994 
B1; deposited at DSM under DSM ACC2197 on Oct. 13,' 1994 
A20; deposited at DSM under DSM ACC2194 on Oct. 13,' 1994 
(see Table 1). 

The antibodies as mentioned above are subject matter of the present inven- 



tion. 



In a preferred embodiment of the present invention the method of antigen 
detection as mentioned above is an enzyme liniced immunosorbent assay 
ELISA, a radioimmuno assay ,R,A,. a fluorescence immuno assay ( F,A, or an 
immunofluorescence assay (IFA). 

An example of the ELISA comprises the following steps: 

providing a substrate carrying the monoclonal antibody A 20 
contacting the substrate of (a, with a sample of abortion materia, to 
get an antigen-antibody complex, 

contacting the complex of ,b> with a poiyclonal anti-AAV capsid anti- 
body to get an antibody-antigen-antibody complex 
contacting the complex of ,c) with an enzyme-labelled antibody 
Greeted ,0 the polyclonal antibody of (c) to get a .abelled complex of 

(c), and 

contacting the complex of (d, with an enzyme-.abe.-indicator to indi- 
cate the presence of said complex. 



(a) 
(b) 

(c) 

(d) 
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I. is clear tha, the term - sample of abortion matef|ar ^ on|y ^ ^ 

m tenals wh.ch contain AAV capsids or par* .hereof. Another exampies are 

cells expressing recombinant AAV capsids or parts thereof. 

The present invention, i.e. the antibodies alone or in combination with the 
AAV amrgen detection method, is suitable to detect AAV capsids and/or 
parts thereof in any material. 

Furthermore, the present invention relates to a method of detecting the 
causative agent of spontaneous abortion comprising the steps of 

a) incubating a sample containing AAV or an antigenic part thereof 
w.th a sample suspected of containing anti-AAV antibodies 
under conditions which allow the formation of an antibody- 
ant,gen complex, preferably only containing antibodies of the 
IgM type, and 

W detecting an amibody-antigen complex, preferably , 9 M antibody- 
antrgen complex, containing the probe antigen. 

in step ,a, the term - S amp,e containing AAV or an antigenic par, thereof 
refers to AAV capsld pro,e.ns. particular* VP,. VP2 and/or VP3, preferably. 

In another preferred embodiment of the present invention the method of 
detection o, AAV specific antibodies, particular* ,g M antibodies, is an ELISA 
a RIA, a FIA or an IFA. 

An example of the ELISA comprises the following steps: 

(a) providing a substrate carrying an anti-human IgM antibody 

(b) contacting the substrate of (a, with a patient's bodyf.uid to get an 
antibody-antibody complex, 
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(C) 

(d) 
(e) 

(f) 
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r o r'vp ,he C ° mP ' eX "" Wi,H reCOmblna "' VP2 and/or VP3 
to get a VP-antibody-antibody complex. 

"-^th-comp^x o, (c) w„ h an an,i-VP.an,ibody t o ge, an an ti . 
VP-annbody-VP-antibody-antibody complex 
contacting the complex of „, with an en2yme , abe „ ed an 
directed <o the an«- VP. amibody of „, t0 ge , . ^ ^ ^ 

con, I the complex of w with ^ enzyme ., abeWndicator 
cate the presence of said complex. 



« ■ .evident that persisting ami-AAV igM/igG ,,,ers in serum are associated 
w„h predisposwontoearlyabortions. Thus. , he present invention can s e 
used tor effective ris k factor screening, development of method 
™ of pregnancy failure, and information of patients about the 
pregnancy failure. s of 

Furthermore, the present invention relates to „ u* * * 

The present invention further relates to a Ki, for detecting the causative agent 
of spontaneous abortion by immunological antigen detection as de c bed 

re::::: 0 a probe an,iboay ~ — - - - 

The present invention further relates to a Ki, for detecting the causative agent 
o spontaneous abortion by immunoiogica, antibody detection as de cled 
ahove. comprising AAV or an antigenic par, thereof in a suitable con,;" 

IVIodes for carrvinn n„t th q tnvantinri . 

The ar, is rich in methods availabie to ,he man of the art in recombinant 
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nuewe acid technology, microbiology and immunobiology for carrying cut ,he 
present invention. Detaiied descriptions of a „ of these techniques wi,i be 
taund ,n the relevant iiterature. See for example Man i atis . Fritscn & 
Sambrook: Molecular Coning, A Laboratory Manua, ( ,9 89); DNA Coning 
Vol. and „ ,D.N. Glover «... 198B); oiigonucieotide Synthesis ,M.J. J 
£ 984,; Nucleic Acid Hybridation ,B.D. Hemes * S.J. Higgins eds.. 
1984,; An.ma, Cel, Culture ,R,. Freshneyed.. ,986); j. D . Watson. M. Gilm- 
an. J. Witkowski. M. Zoilar: Recombinant DNA, Second Edition ,19 92) . 
mmunochemica, Methods in Cei. and Molecuiar Biology (Academic Press' 
London, ,987,; Protein Purification: Principles and Practice, Second Edition 
Spnnger Veriag. N.Y.,; Handbook of Experiment immunology. Vol. I-.V 

o w rl" C B ' aCkWe " 6dS - 1986,; <—™*V- A Practical Guide 
D.W. Chan and M.T. Perlstein eds., ,987,; ELISA and Other Solid Phase 

immunoassays: Theoretical and Practical Aspects ID.M. Kemeny and S.J. 

Challacombe eds., 1988,; Principles and Practice of .mmunoassay ,C.P. Price 

ana d.j. Newman eds., 1991). 

More detailed information on specific methodoiogica, aspects of AAV, such 
as ce„ cuiture, virus growth, virus purification, isolation of proteins, can be 
found ,n the relevant .iterature. e.g. Handbook of Parvoviruses. Vol. , and „ 
CRC Press. Boca Raton. Florida. Ed. P. Tijssen; Ruffing. „. etal . (1992) , j 
Virol., 66, pp. 6922-6930. 

All reagents such as antigens, antibodies, probe antigens, probe antibodies. 
nuc,e,c acid probes, primers and auxiliary reagents necessary ,o perform an 
■mmunoassay or a hybridization assay, possibly using amplification tech- 
n.ques for improved sensityity may be filled into suitable containers or coated 
o any solid phase such as piastic. giass and ceils. and packaged into kits 
together with instructions for conducting the test. 

The present invention is exemplified by the following examples. 



WO 95/11997 




PCI7EP94/03564 



Example 1 - 



Detection by Polymerase-Chain-Reaction (PGR) ana , • . 

curette of 5pon l C l n * ^ ~ 

The primers used in PCR (pam. pan 3) and nested pcR 

allowing mismatches not leadina to amnI ,- • A by 

sequences. T he ^ "'^ * W ^ 

experiments. The primers wer pr pared = 7 *» 

were prepared according to standard procedures. 

.Tor 6 ' 5 "~ **" **** — es .underiined, as shown 



AACTG GACCAATGAAAACTTTCC 

1386 TGCGTAAACTGGACCAATGA£AAC 
130 



pan! 

TTTCCCTTCAAC AAV-2 
TGCGTAAACTGGACCAATGAAAACTTTCCCTTCAAC 



AAAAAGTCTTTGACTTCCTGCTT 

1729 AAAAAGTCTTTGACTTCCTGCTT 

472 AAAAAGTCTTTGACTTCCTGCTT 

DNA prepared from histo.ogical sections (5 „m G f fresh or r h 

M.M. Manos in "PCR Protocol A Guide to Methods and a 7 

edited by M.A. Innis, D.H. Gelfand JJ w „ , A P p, IC ations", 

PP- 153- 158; Academic Pre^^' ^ 

"ew York, 1990] were analysed by PCR using 



AAV-5 

pan3 
AAV-2 
AAV-5 
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the pnmers panl and pans combined, fciowed in AAV positive cases bv a 

vc,e r c r re '' r :r ,ive,v - pcrs were pe "°'™ *- 40 — 

V eil T 20 " 27 '- AmP ' i,ied ~ S "« «*—«-*- 

by e.ec,rophore,,c separation ,2 % agarose gei, and biotting onto a nyion 
mem r ane (Gene ^ ^ ^ ^ ^ 

hybr,d, Z a„on a, high stringency with "P-iabeiied probes (iabeiied using ,he 
Megapnme- DNA Labedina System. Amersham. UK) of AAV-2 (pTA V2 He,, 
bronn et a,. (1990 , J. Viro,.. 64. pp. 30, 2 -30, 8i) or „, AAV-5 This pr0 
was c oned from DNA from p Urif ied AAV- 5 virions, propagated wi,h adeno- 
virus type ,2 and purified as described in de La M aza and Carter ,1980, J 
V,ro, 33 112 , 1137 and ,, RoM (1974) parvovims Rep J- ' p ; 
1-61, In: H. Fraenkel-Conratand R.R Waonpr ,h« r 

Plar> 0 vvagner, eds., Comprehensive Viroloqv 

Plenum Press, New York. "™°9V. 

Example ? • 

Dete^on by S„ uther n B,o„i„g . nalysis „, AAV DNA in fresb curettage 

Genom ic DNA was isoiated us,ng standard procedures w„H minor modifica- 
•on «La,rd e, a,. «,99„. NuC. Acids Res.. Voi. ,9. pp . 4293 . 4294) and 
digested y*h restriction enzymes aiiowing anaiysis of characteristic res, ic 

9e,s DNA fragments were b,otted onto Nyion membranes .Gene Screen, and 
hybnd.ed AAV-2 DNA ,pTAV2. see Exampie „ or specific AAV-5 DNA (see 
Tabie 2, ,abe„ed by random pr,m,ng * d C TP (Amersham. Br n 

schweig, Germany). 
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Ex am nlf> 3 - 



17 " y in hVbridi2a,i0n ~"~ « *»« ~- 
e.g. curettage from spontaneous abortion 

In s„u hybridan was performed as described (Tobiasch a, al . (1992 , 
™~°n. 50. pp. , 63-, 78,. however. w„h the modification the, AAV 
DMA was detected by RNA-DNA hybridation. After DNase treatment L 
probes ware subbed to limited a lk a,ine hydrops. Upon iinearisation* 
*asm,d pTAV 2 .Heilbronn a, a,. n 990 , see above, with EcoRV. ribop 
wa« o ta.ned and iabelled with ,* Si -UTP by in vitro transcription wtth T7 
RMA poiymerase .method as described in Boehri„ 9 er Mannhe m Pro dur 

et al. (1992) Virology, 189, pp. 132-140. 



Example A 

Provision of antibodies directed to AAV capsid proteins 



iwot^r """" antibodies direc,ed ,o aav ~ « 

two BALB/c m,ce were ,n ( ec,ed subcutaneously (s .c, with 1 50 „, of a 

i. VP2 and VP3. mixed w,th an equal volume of complete 
Freund s adiuvant. After four weeks the mice were boosted ..„. with 7. « 

Freund s ad,uvan, After four weeks the mice were injected intraperitoneal 
M.) each w„h ,o„ of UV-inactivated AAV- 2 in ,«, „ P BS . Three day 
atar one mouse was M and the spleen ce„s were fused with X63/A 88 
cans accord.ng to standard procedures (Harlow. E. and Lane. D. ,,988,. cl 
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Spnng Harbor Laboratory. A„ tiboiles , A Moratory mannuaO. Resuitan, 
h^ndoma cuiture supernatants were screened by weste 

~ rKMnCe EUSA - ^ ™use was ,mm u „i 2e d J' 

J™*' ,a,e ' ^ 100 " 9 °' ™ VP3 in PBS „.p., and monociona, anti- 
body were prepared as described above. 



Example 

ELISA for the detection of IgG antibodies directed to AAV 

96-wei, microtiterpiates (Nunc. Denmark, were coated with 50 „! CsC, 
9 rad,en, purified AAV 2 (diiution 1:1000 in 0.05 M carbonate-buffer pH 9 6 
or w„h 50 „ recombinant AAV 2 capsid proteins VP1-3 (1 :800O in 0 0 M 
carbonate-buffer, and incubated over ni g h, a, RT. Piates were washed twice 
(washing buffer: PBS, 0,05 % Tween 201 an* „ 

<sn ..„ „ ... 1 and human sera we '« added 

(50 ^/we„, d„u,,ons 1:25 to 1:800. dilution buffer: PBS, 2 % BSA 0 05 V 

Tween 20, and incubated for Ha,,,,, wet chamber. Z wa i„ 9 

h malTT Wi,h 50 »" We " ™n k ey a * 

human lgG anhbody (1:2000, for 45 minutes a. 37 -c in a we, chamber 

P ates were washed four times and 50 0l substrate soiution , 5 m g 

25 mf 0, 1 M citratebuffer P H 5.0 + 10 H,0 2 35 %, was adde Piate" 

50 ul m H, S(V welL functions were measured at 492 nm in a Titertek 

l~ a r r ° Und Si9 " a ' WM de,emlned by ~° - -inction 
without adding human sera and was subitrantoH 

■u was suostracted on every well (backqround 
signal extinction ranged from 0,035 to 0,05). 

Example fi - 

ELISA for the detection of IgM antibodies directed to AAV 
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Version A 



, v T 35 deSC ' ibed ^ EX8mPle ^ HU ™ n °™ "« •*« after 

hey had been treated according to the , oll ow,„ 8 absorption protocol in order 
to e„m,na,e remaining lgG . anti00dies : 20 „ ^ 

Fluor. Fresenius. Germany) were diluted with 25 „, PBS and 5 W of human 
serum was added. Absorption was performed for a. (east ,5 minutes a, RT 
and subsequent* sera were tested a, diiutions from 1:,00 to 1:800. inc^ 
ba,on was performed for 1 h a, 37 . C in a we, chamber and after washing 
50 „ /we!, peroxydase eon,ugated goat ami human IgM antibody „ :2000 in 
% BSA/0 - 05 % ^O, were added. Piates were incubated for 45 

m.nutes a, 37 -c and washed four times. The OPD reaction and photometric 
evaluat.cn were performed as described in Example 5. 

Version B 
//-capture ELISA 
Plate Coating 

Habbi, anti-human ,gM antibody (DAKO) was firs, denatured a, a protein 
oncentration of 600„g/m,. i n cuba,,ng for 30 min a, RT in 50mM giycin/HC, 
PH 2.5 conta,n,ng ,00 mM Nad then neutrally with 1 M Tris base The 
denatured antibody wa s ,hen desalted by passing the soiution over a Sepha- 
dex PD 10 column equiiibrated in the coating solution „0mM Tris/HCI pH 
8.5 con,a,ning ,00 m M N aC„. The sample was eluted from the column in the 
same buffer. The solution was adjusted to a protein concentration o, 6„g/m, 
by d,lut,on in coating buffer and 200„, added to each we,, on a polystyrene 
m,cro,i,er plate (NUNC immune flat-bottomed we,,,. The P ,a,e was incubated 
37 c for 24 h in a humid atmosphere, contents decanted and wells 
washed 4 times with 250„,/we,l of Tris-buffered saline ,TBS, ,0 02 M 
Tns/HC, pH 7.4. 0.,5 M NaO containing 0.05 % Tween 20 (wash buffer, 
The wens were then blocked w„h TBS containing , % Tween 20 and 5 % 
Sucrose (blocking solution) by incubating a, 4»C followed by 2 washings in 
wash buffer (TBS containing 0.05% Tween 20). 
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Assay 

The second step in tne EL ,SA involved con t ac,in B patients' sera with the 

the tT Pla,e ' DUrin8 ' nCUba,i0n - lBM "~ —>°°™v bound , 0 
the S o„d-phase antibody. After remova, of the unbound materia, and washing 

of the m,cro,„er piates. the piates were incubated with purified recombinant 

AAV nuceocapsid proteins VP,. VP2 and VP3. After remova, of the unbound 

matena, and washing of the microtiter piates. comp,exes of human lfl M 

a „body-VP comp,exes were detected by incubation with the A1 . A69 and 

B1 an.bod.es. Unbound monoCona, antibodies were removed by aspiration 

and the p.ates were washed. The bound monoclonal antibodies were 

a nT„ , l bV inCUb8,in9 P ' ateS 9031 am '~ 

anhbod.es con,ugated to horseradish peroxidase ,HRP,. FCowing removal of 

unbound conjugate by washing, a solution containing H A 3 3' 55. 

.e,r,me,hy,ben 2 idine (TMB, was added. Reactions were stopped after' a 

su.tab.e interva, by addition of sulfuric acid. The cutoff value of the EL SA 

3 standard delations ,,o correct for any aspecific binding,. Sampies giving 
absorbance values higher than the cutoff were considered positive. 

Specifically, the ami-human ,gM on the piate was reacted with serum by 
add,ng ,00„, of serum samples diluted 1:200 in TBS containing ,0 mg/m, 
bov,ne serum aibumin. and incubating the serum-containing we„s for 1 h a, 
room temperature. After incubation, the serum sempies were removed by 
asp,ra.,on and the welis were washed 5 times w„h washing soiution ,TBS + 
0.05 A Tween 20). Aliguots of 100,,, of the VP,. VP2 and VP3 antigen 
mixture ,conc of 10-10 n M VP1. VP2 and VP3) were added ,0 each we,, and 
.he plates were incubated a, room temperature at ieas, 2 h. ,o„owed by 
removal of excess probe by aspiration and 5 washes with TBS + o 05 % 
Tween 20. Bound VP,. VP2 and VP3 was detected by addition of ,00,, of 
a m,x,ure of hybridoma supernatants from A,. A69 and B, monoCona, 
ant,bod,es producing hybridomas (antibody cone ,-,0 nM). fciowed by 5 
standard washes of the plates with TBS + 0.05% Tween 20. MonoCona, 
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antibody binding was detected by addition of 200 „, of 1 1/2000 di.ution of 
sheep anti-mouse IgG horseradish peroxidase-conjugated antibody (Dako 
Hamburg/Germany, and incubated for 1 ,5 h at room temperature, fo.iowed by 
5 standard washings of the plate. Enzyme activity was revealed by addition 
of 100/,! of a solution of TMB (Serex, Maywood, N.J./USA). The plate was 
•ncubated until the desired color development was reached and terminated by 
addition of 50,,, 2N sulfuric acid. Optica, densities (OD 45o , of negative and 
pos,tive control sera as we., as samples were determined. The cutoff value as 
calculated from five negative sera was OD 450 = 0,40. 



Examnlfi 7 - 



ELISA for the detection of AAV capsids 
Plate Coating 

100 „ t of the A20 antibody (see above, equilibrated in coating buffer sol- 
ution ,50 - NaHCO, pH 9.6 and adjusted to a protein concentration of , 5 
nfl/m* was added to each wel, on a polystyrene microtiter plate (NUNC 
.mmuno flat-bottomed w eI |). The plate was incubated at 4 °C for 24 h 
contents decanted and weds, washed 5 times with 2B0 ,,/wel, of phos! 
Phate-buffered saline (PBS. (wash buffer). The wells were blocked with 260 
of 3 % BSA in PBS (blocking solution) by incubating a, leas, 30 minutes 
at room temperature followed by 6 washings in wash buffer. 

Assay 

A standard curve within the range of 10 - 10 000 capsids/mf was prepared 
by d.luting AAV capsids in standard dilution solution containing PBS. 

Unknown samples were diluted as appropriate in di.utent so.ution and 1 00 ,1 
added to the test wells. When tissue cu.ture supernatants were to be 
assayed, 100 „. of a 1:10to 1:10° di.ution was to be added to the test well 
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The p la ,e was incubated for 3 h a, room temperature. The piate was washed 
5 t,mes in wash butter and 1 00 „t rabbit an,i-AAV-po,yc,onal antiserum a, a 
d.luhon of ,/ 100 0 in 3 % BSA ,„ P BS added to each we., The piate was 
■ncubated at room temperature for 2 h as previously and then washed 5 

'r oo T. Tween ' AAV capsid was de,ec,ed by addi,to - ■>"<*>»> °< - 

1/2000 d,lut,on of a goa, anti-rabbit IgG mye.operoxidase-conjuga.ed anti- 
body prepared in antibody diluent and incubated for 1 h a, room temperature 
fo.lowed by , standards washes of the piate. Enzyme activity was reveaied 
by add„ion of ,00 „t of a 0. 1 mg/m, solution „, tetramethylbenzidine (TMBJ 
prepared in 0.1 M Na-ace,a,e buffer P H 6 to each we,,. The p,a,e was incu- 
bated a, room temperature until the desired color development was reached 
longer incubation periods being necessary ,o detect lower concentration 
ran 8 es. i.e. standards less than 10 capsids/m,. The concentration of 
unknown samples was determined by comparison of their optica, density to 
the standard curve. 



Example ft - 



ion 

:ion were 
or 



Detection of AAV-DNA in curettage materi, of spontaneous absorpt, 

A tota, of 50 samples of curettage materia, of spontaneous absorp„„„ w , 
analysed for the presence of AAV DNA either by PCR or Southern Blotting „ 
both. 41 samples were from abortions in the first and 9 samples from abor- 
aons .n the second and third trimester of pregnancy. 

Among the 41 samples taken during the first trimester of pregnancy. 14 con- 
ned of fresh materia, tha, cou,d be tested by Southern B,o„ing. by which 
method 9 samptes were shown to be positive. A„ other samples tested were 
sections from paraffin-embedded tissues, tha, were analysed by PCR. Among 
these. 30 samples were from abortions in the firs, trimester of pregnancy of 
»h,ch 12 samples were shown to be positive for AAV DNA. All of the 9 
samples from the second or third trimester of pregnancy were negative by 
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PCR. 



Thus, ln 21 of 41 samples, i.e. 50 % of spontaneous abortions in the first 
tr.mester of pregnancy AAV speci f ic DNA sequences could be detected 
whereas 9 spontaneous abortions in the second or third trimester were 
negative (see Table 3). 



Example 9 : 



A total serum „, ,48 serum sampies drawn from healthy Probands, diseased 
patients with various syndromes being unreiated ,o abortion, and pregnant 
women with spontaneous abortion during ,he firs, trimester of pregnancy 
were tested for antibodies directed to AAV. 

The results obtained are dispiayed in Tabie 4. Generally, the prevalence of 
spec,f,c |ga antibodies was quite high, between 62 and ,00 % in the diffe- 
rent groups of probands/patients. However, specific IgM amlb odies were 
shown to be significantly correlated with "pregnancy problems" 
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1 Table 2 " 17 



5 388 bp part of BamHIh fr aoment nf AAUC , 



487 



™^TGCCGGTGACTCACGAGT^^ 

[•CAAATTTCAAGGGTCCCTTAACCGCCCTTGATTTC 546 



AGTTAGTCCACGGCCACTGAGTGCTC 



GGGCGGAGAAATCTCTAAAACGCCCACTGGGTGACGTCACCAATACTAGCTATAAAAGTC 

'GACCCACTGCAGTGGTTATGATCGATATTTTCAG 606 



547 CCCGCCTCTTTAGAGATTTTGCGGGT( 

5 



60, "^CTTOTOWOOM,^^ 



TTGATCCCGCTCCTCTGCGACOGCTCAATTGGAATTCAAGGTATGATTGCAAATGTGACT 



ATCATGCTCAATTTGACAACATTTCTAACAAATGTGATGi: 

'ACACTACTTACACTTATAAACTTAGCCC 786 



,„ _,„ m jAATGTGAATATTTGAATCGGC 

727 tagtacgagttaaactgttgtaaagattgttt. cggg 



gcaaaaatggatgtatctgtcacaai 
cgtttttacctacatagacagtgttacattg 



787 CGTT™™™^™ _^CTCACTGTCAAATTTGTCATGGGATTCCCC 

TGAGTGACAGTTTAAACAGTACCCTAAGGGG 846 



CCTGGGAAAAGGAAAACTTGTCAGATTT 
847 GGACCCTTTTCCTTTTGAACAGTCTAAA 874 
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Table 3 



Prevalence of AAV DNA in curettage materials 







Detection of AAV DNA by (n 
AAV positive / number analy 


10 


Diagnosis / Pathology 


PCR 


Southern 
Blotting 






spontaneous abortion 

(1st trimester of pregnancy) 


12/30 


9/14 


1 1 




abortion 2nd trimester 


0/3 


n.d. 




15 


abortion 3rd trimester or 
placenta post partum 


0/6 


n.d. 





20 



n.d. = not done; 

= 3 samples positive with PCR were tested by SoutherJ 
analysis 



.2 

-Q 

(0 
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CLAIMS: 



A method of detecting the causative agent of spontaneous abortion com- 
prising the steps of 



(a) hybridizing a probe for an AAV polynucleotide to nucleic acids of a 
sample of abortion material under conditions which allow the forma- 
tion of a heteroduplex between an AAV nucleic acid and the probe, 
and 

(b) detecting a polynucleotide duplex which contains the probe. 

The method according to claim 1, which is a PCR, Southern blotting or an 
in situ hybridization technique. 

The method according to claim 1, wherein one or more probes are used 
which are selected from the group consisting of the primers pan1, pan3, 
nestl and nest2. 



A method of detecting the causative agent of spontaneous abortion com- 
prising the steps of 



a sam- 



(a) incubating a probe antibody directed to an AAV antigen with 
pie of abortion material under conditions which allow the formation 
of an antigen-antibody complex, and 

(b) detecting the antigen-antibody complex containing the probe antibo- 
dy. 

The method according to claim 4, wherein the probe antibody is A1 (DSM 
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ACC2195, deposited on 13. 10. 1994), A20 (DSM ACC2194, deposited on 
13. 10. 1994), A69 (DSM ACC2196, deposited on 13. 10. 1994) and/or 
B1 (DSM ACC2197, deposited on 13. 10. 1994). 

6. The method according to claim 4 or 5, which is an ELISA, a RIA, a FIA or 
an IFA. 



7. A method of detecting the causative agent of spontaneous abortion compri- 
sing the steps of 



(a) incubating a sample containing AAV or an antigenic part thereof with 
a sample suspected of containing anti-AAV antibodies under condi- 
tions which allow the formation of an antibody-antigen complex, and 

(b) detecting the antibody-antigen complex, containing the probe anti- 
gen. 



8. The method according to claim 7, wherein the antigenic part of AAV is 
VP1 , VP2 or VP3. 



9. 



The method according to claim 7 or 8, wherein the antibody in the antibo- 
dy-antigen complex is of the IgM type. 



10. The method according to one of claim 7 to 9, which is an ELISA, a RIA, a 
FIA or an IFA. 

11. A kit for performing the method according to claim 1, comprising a probe 
for an AAV polynucleotide in a suitable container. 

12. A kit for performing the method according to claim 4, comprising a probe 
antibody directed to an AAV antigen in a suitable container. 
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13. The kit according to claim 12, wherein the probe antibody is A1 (DSM 
ACC2195, deposited on 13.10.1994), A20 (DSM ACC2194, deposited on 
13.10.1994), A69 (DSM ACC2196, deposited on 13.10.1994 and/or B1 
(DSM ACC2197, deposited on 13.10.1994). 

14. A kit for performing the method according to claim 7, comprising AAV or an 
antigenic part thereof in a suitable container. 

15. The kit according to claim 14, wherein the antigenic part of AAV is 
VP1, VP2 and/or VP3. 

16. Antibody directed to an AAV antigen. 

1 7. Antibody according to claim 1 6, wherein the antibody is directed to an AAV 
capsid or a protein thereof. 

18. Antibody according to claim 17, wherein the antibody is A1 (DSM 
ACC2195, deposited on 13.10.1994). 

19. Antibody according to claim 17, wherein the antibody is A20 (DSM ACC 
2194, deposited on 13.10.1994). 

20. Antibody according to claim 17, wherein the antibody is A69 (DSM 
ACC2196, deposited on 13.10.1994). 

21. Antibody according to claim 17, wherein the antibody is B1 (DSM 
ACC2197, deposited on 13.10.1994). 
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"pages* 
pages 
pages 



the claims, Nos. 

Nos. 
Nos. 
Nos. 
Nos. 



the drawings, sheets/fig 
sheets /fig 
sheets/fig 
sheets /fig 



2. The amendments have resulted in the cancellation of: 

[ ] the description, pages 

[ ] the claims, Nos. ■ 

[ ] the drawings, sheets/fig 



as originally filed, 

filed with the letter of 
_, filed with the letter of 



_, as originally filed, 

as amended under Article 19 , 
filed with the demand, 

filed with the letter of 

filed with the letter of 



, as originally filed, 

/ filed with the demand, 

— _, filed with the letter of 
/ filed with the letter of 



3. [ ] This report has been established as if (some of) the amendments had not been nade, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 
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V. Reasoned state.ent under Article 35(2) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 



1. STATEMENT 



Novelty (N) 



Inventive Step (IS) 



Industrial Applicability (IA) 



Claims 1-2 1_ 
Claims 



Claims 1-15, 18-21. 
Claims"! 6^17 — 



YES 
NO 

YES 



Claims 1-21. 
Claims 



. NO 

YES 
NO 



2. CITATIONS AND EXPLANATIONS 



2.1 After comparison with the documents cited in the Inter- 
national Search Report the subject-matter according to 
present claims 1-15 and 18-21 is considered to meet the 
novelty and inventive steps criteria set forth in Ar- 
ticle 33(2) and (3) pct, insofar as the finding on which 
the present invention is based, namely the significant 
correlation of both detectable AAV DNA in samples of 
abortion material and detectable igM antibodies directed 
to AAV with the early abortion occurring during the 
first trimester of pregnancy as hereby disclosed (see 
page 2, last paragraph), appears to be neither an- 
ticipated nor suggested by the available prior art. 

2.2 Notwithstanding the foregoing, the application does not 
satisfy the criterion set forth in Article 33(3) PCT be- 
cause the subject-matter of Claims 16 and 17 does not 
involve an inventive step (Rule 65(1) (2) PCTO . 

Although no particular antibody directed against an AAV 
antigen is disclosed in the prior art cited in the 
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International Search Report, and thus the novelty crite- 
rion set forth in Art. 33(2) PCT would appear to be met 
by Claims 16 and 17, it cannot be ruled out the fact 
that such antibodies may have been disclosed in 
documents of the related field (see e.g. paragraph 2, on 
page 2 of the present description) which are not avail- 
able to this Examining Authority, in any case, no inven- 
tive contribution as required by Art. 33(3) PCT can be 
regarded in claiming per se generic antibodies which are 
exclusively -deflhear^y^ 

ing directed against known available antigens, for ex- 
ample in this case, an AAV VPl , VP2 or VP 3 nucleocapsid 
antigen. 



2.3 The subject-matter of claims 1-21 seemingly finds a di- 
rect industrial applicability, e.g., in the clinical di- 
agnostic field (Article 33(4) PCT). 
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VII. Certain defects in the international application 



The following defects in the form or contents of the international application have been noted: 

1. The terms "Tween" (page 11, lines 16 and 18; page 12, 

lines 10, 28, 29 and 31; page 13, lines 25, 29 and 32), 
"Titertek" (page 11, line 25) and "Sephadex" (page 12,' 
lines 20-21) appear to be registered trade marks but 
have not been identified as such. 



2. The following expressions appear to content typing mis- 
takes : 



Page 7, line 4 that reads ... A Loboratnry 
Manual ... 

Page 11, line 1 that reads ... A laboratory 
mannual . 

Page 15, line 19 that reads, ...in curettage 
materil . . . 

Page 17, line 10 that reads, aa: amino acids 
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